o o 

1 



SPECIFICATION 

TITLE OF THE INVENTION 
Microcomputer and Microprocessor Having Flash Memory Operable 
from Single External Power Supply 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
integrated circuit device comprising a non-volatile memory and 
a central processing unit. More particularly, the invention 
relates to techniques for providing a single-chip microcomputer, 
a data processing device, or a microprocessor which includes 
a flash memory and a central processing unit having a single 
external power supply. 

Microcomputers incorporating a flash memory are known by 
the designations H8/538F, H8/3048 and H8/3434F, available from Hitachi, Ltd. 

Memory cell transistors constituting a flash memory each have 
a floating gate, a control gate, a source and a drain. As 
such, each memory cell transistor retains binary information 
representing a charge injection state of its floating gate. For 
example, electrically charging the floating gate of a memory 
cell transistor brings a threshold voltage of that memory cell 
into a high state. When the threshold voltage is raised 
relative to the control gate, the memory cell prevents a current 
from flowing. Electrically discharging the floating gate of 
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the memory cell lowers the threshold voltage with respect to 
the control gate, which allows the current to flow through the 
memory cell. Illustratively, bringing the threshold voltage 
of the memory cell higher than a word line selecting voltage 
level of a read state is called an erasure operation (providing 
a logical "1" which signifies an erasure state); while, bringing the 
threshold voltage of the memory cell lower than the word line 
selecting voltage level of the read state is called a programming 
operation (providing a logical "0" which signifies a 
programming state) . Alternatively, the erasure state and the 
programming state may be defined inversely in terms of threshold 
vol tage . 

Writing or erasing data to or from memory cell transistors 
presupposes that their floating gates are placed in a high 
electric field as needed. This requires that the voltage for 
erasure or programming purposes be higher than the common power 
supply vol tage,such as 3 V or 5 V . Such a high vol tage is provided 
as an external power supply. 

SUMMARY OF THE INVENT ION 

To obtain a high voltage externally requires that a high 
vol tage generating circuit be mounted on the printed circuit boa 
on which the microcomputer is assembled. To handle high 
voltages involves use of a specialized printed circuit 
board design that typically detracts from general usability. 



o 



o 

3 



The inventors of this invention investigated whether it 
was possible to use a single power supply, such as 3 V or 5 V, 
from which to operate a microcomputer incorporating a flash 
memory. The inventors* experiments involved generating a high 
voltage for erasure and programming by internally boosting the 
voltage from a single external power supply. 

Some manufacturers of microcomputers, conscious of 
today's demand for lower power dissipation, have their devices 
operate on 3 V; while manuf actureres of some systems design their 
products to operate from a single 5 V power supply. Whether 
to use a 3V or a 5 V power supply is determined according to 
the specifications of the system to which the. microcomputer in 
question is applied. In this respect, it is in a semiconductor 
manufacturers' interest to design microcomputers which are capabl 

of operating with a relatively wide range of available power 
supplies, such as from 3 V to 5V. 

With the above points taken into consideration, the 
inventors proceeded wi th their studies and brought to 1 ight some 
problems of the related art. There are two major charge 
injection methods for charging flash memories: a channel 
injection method and a tunnel current method. The channel 
injection method involves letting a relatively large current 
flow through the channel of a given memory cell transistor to 
generate hot electrons near the drain, whereby the floating gate 
is electrically charged. The tunnel current method involves 



o o 

4 



allowing a tunneling current to flow through a relatively thin 
tunnel oxide (insulating) film near the drain by application 
of an electric field of a predetermined intensity between the 
floating gate and the drain, whereby electric charging is 
accomplished. The inventors have found that the channel 
that the channel injection method was not suitable for internal 
voltage boosting because of its need for a relatively large 

current. With the tunnel current method, on the other hand, 
simply effecting internal voltage boosting was found insufficient 

to implement programming and erasure of an internal flash memory 

in a stable manner within a relatively wide range of external 
power supply voltages, including those for low-voltage operations. 

It is therefore an object of the present invention to 
provide a semiconductor integrated circuit device such as a 
microcomputer , including a non-volatile memory,such as a flash 
memory, which can be erased and programmed electrically in a stable 
manner within a relatively wide range of external power supply 
voltages , including those for low-voltage operations. 

It is another object of the present invention to provide 
a semiconductor integrated circuit device such as a 
microcomputer, which incorporates a non-volatile memory, such as 
a flash memory ? which is capable of being erased and programmed 
electrically and which offers higher usability than previously available. 

Other objects, features and advantages of the present invention will 
become apparent from the description provided in the following specification 
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with reference to the accompanying drawings. 

In carrying out the invention and according to one aspect 
thereof, there is provided a semiconductor integrated circuit 
device, such as a microcomputer ^comprising a semiconductor 
substrate incorporating a non-volatile memory, such as a flash 
memory, which is capable of being erased and programmed electrically, 

and a central processing unit which is capable of accessing the non-volatile 
memory. The semiconductor integrated circuit device operates 
on a single power supply voltage supplied to an external power 
supply terminal of the semiconductor substrate. The non- 
volatile memory includes: voltage clamp means which, using a 
reference voltage with a low dependency on a power supply voltage, 
clamps an output voltage to a first voltage lower in level than 
the single power supply voltage; boosting means for boosting 
the voltage output by the voltage clamp means to a positive and 
a negative high voltage; and a plurality of non-volatile memory 

cells which can be erased and programmed by use of the positive 
and negative high voltages output by the boosting means. 

In the semiconductor integrated circuit device of the 
above constitution, the voltage clamp means generates a voltage 
that is negligibly dependent on a supply voltage. The voltage 
thus generated is clamped to a voltage level which, within a 
tolerable range of supply voltages for the semiconductor 
integrated circuit device, is lower than the single supply 
voltage externally furnished- The clamping prevents the 
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voltages boosted by the boosting means operating on the clamped 
voltage, i.e., programming and erasure voltages, from being 
dependent on the externally supplied voltage. This in turn 
makes it possible to erase and program the incorporated 
non-volatile memory in a relatively wide range of externally- 
supplied vol tages , including those for low-voltage operations. 
Because these features are provided by use of a single external 
supply voltage, the semiconductor integrated circuit device 
incorporating the non-voltage memory is made easier and more 
convenient to use than before. 

The efficiency of boosting may be enhanced by changing' 
a substrate bias voltage common to MOS transistors (metal-oxide 
semiconductors; MIS or metal - insula t ing semiconductors may be 
used alternatively) carrying out charge pump operations when 
the boosted voltage has reached a predetermined level. 
Illustratively, the boosting means may include: a charge pump 
circuit having boosting nodes for negative high voltage 
generation, the boosting nodes being connected to p-channel MOS 
transistors and capacitors so as to implement a charge pump 
action for generating the negative high voltage; and switching 
means for switching halfway through a boosting operation the 
substrate bias voltage common to the MOS transistors from the 
output voltage of the voltage clamp means to a second voltage 
lower in level than the output voltage. The second voltage is 
higher in level than the boosted voltage in effect at a time 
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of switching the voltages. In this example, a decline in the 
substrate bias voltage lowers the threshold voltage of the MOS 
transistors through what is known as the substrate bias effect. 
The lowered threshold voltage promotes the movement of electric 
charges through the MOS transistors executing charge pump 
operations. This in turn improves the efficiency of boosting 
operations and shortens the time it takes to reach a required 
boosted voltage. 

The voltage being boosted by a charge pump operation 
fluctuates in amplitude in synchronism with the switching actions 
of the MOS transistors for charge pump operations. The 
resulting ripple effect may cause the substrate bias voltage 
to oscillate. Such oscillation is forestalled illustratively 
by the switching means possessing a hysteresis characteristic 
for maintaining the substrate bias voltage to the second voltage 
when the boosted voltage fluctuates in amplitude after the 
switching of the voltages. This kind of hysteresis 
characteristic may be acquired by use of a hysteresis comparator 
or an SR flip-flop circuit. 

Where a plurality of charge pump circuits operate from 
a single power supply, instantaneous drops in the power supply 
voltage are minimized preferably by staggering the charge pump 
circuits in their operative phases. Illustratively, the 
boosting means may include: a negative voltage boosting charge 
pump circuit having boosting nodes for negative high voltage 
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generation, the boosting nodes being connected to MOS 
transistors and capacitors so as to implement a charge pump 
action Cor generating a negative high voltage; and a positive 
voltage boosting charge pump circuit having boosting nodes for 
positive high voltage generation, the boosting nodes being 
connected to MOS transistors and capacitors so as to implement: 
a charge pump action for generating a positive high voltage. 
In this setup, the MOS transistors in the positive voltage 
boosting charge pump may be arranged so as to differ in on- 
state phase from the MOS transistors in the negative voltage 
boosting charge pump. 

Relatively large currents are needed to erase and program 
a non-volatile memory. For this reason, the power supply for 
a boosting circuit should not be connected directly to the power 
supplies for other circuits . In this respect, the voltage clamp 
means may preferably include: a reference voltage generating 
circuit for generating a reference voltage with a low dependency 
on a power supply voltage; a first constant voltage generating 
circuit for generating a voltage by placing an output circuit 
under control for negative feedback to the first voltage with 
respect to a reference voltage constituted by the reference 
voltage generated by the reference voltage generating circuit; 
and a second constant voltage generating circuit for generating 
a voltage by placing the output circuit under control for 
negative feedback to the first voltage with respect to a 
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reference voltage constituted by the voltage output by the first 
constant voltage generating circuit. The voltage output by the 
second constant voltage generating circuit may be supplied to 
the positive and negative voltage boosting means. 

The inventive semiconductor integrated circuit device may 
further comprise a third constant voltage generating circuit 
for generating a voltage by placing an output circuit under 
control for negative feedback with respect to a reference 
voltage constituted by the voltage output by the first constant 
voltage generating circuit. In this setup, the voltage output 
by the third constant voltage generating circuit may serve as 
a power supply voltage for use by a read system. 

Variations in the voltage output by the voltage clamp 
means can result from differences between processes. To 
fine-adjust such output voltage variations, the voltage clamp 
means may preferably include: a trimming circuit; trimming 
control means for fine-adjusting the trimming circuit in 
accordance with trimming adjustment information; and register 
means set with the trimming adjustment information to be 
supplied to the trimming control means. The register means may 
receive the trimming adjustment information that is transferred 
from a specific region of the non-volatile memory. This 
arrangement allows the output voltage to be trimmed as desired 
by software. The arrangement steers clear of limitations on 
conventional setups which, once programmed, cannot be modified 
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subsequently because of their use of fuses. 

Where the trimming adjustment information is known to 
affect the read voltage for the non-volatile memory, the 
transfer of the trimming adjustment information from the 
non-volatile memory to the register means should preferably be 
carried out when a read operation on the memory is allowed to 
take longer than the predetermined time. This arrangement is 
desirable with a view toward preventing malfunctions. Specifical 
the information transfer may be performed in synchronism with 
reset operations of the semiconductor integrated circuit device. 
This permits internal voltage fluctuations to settle within a 
reset operation before a trimming action is settled. After the 
reset, a read operation is carried out in a stable manner . - Where 
the trimming adjustment information affects only the voltages 
for programming and erasure of the non-volatile memory, the 
transfer of the information may be carried out before a first 
vector fetch (instruction fetch) during the reset period or 
following the release of the reset state. 

In view of the selection of trimming information the test 
mode, the central processing unit should preferably be capable 
of accessing the register means mentioned above. 

Where the semiconductor integrated circuit device is 
programmed upon completion of a wafer (e.g., logical " 0 " of a 
low threshold voltage) and is erased upon shipment (e.g., 
logical "1" of a high threshold voltage), it is desirable to 
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minimize variations that may occur in the output voltage of the 
voltage clamp means as a result of the voltages being extremely 
trimmed between the programming and the erasure states. The 
minimizing of such output voltage variations may be effected 
illustratively by the trimming control means including 
selective logic for determining trimming positions of the 
trimming circuit in accordance with the trimming adjustment 
information in such a manner that the trimming position in effect 
when the trimming adjustment information has an all-bit logic 
value of "1" is adjacent to the trimming position in effect when 
the trimming adjustment information has an all-bit logic value 
of "0. " In this setup, the voltage output by the voltage clamp 
means may be minimized in terms of difference between where the 
non-volatile memory is programmed upon completion of a wafer, 
and where the non-volatile memory is erased upon shipment. 

It takes some time for the boosting means to gain a required 
boosted voltage. The required time is known to suffer from 
process-dependent variations. A programming and an erasure 
operation must each be started after the boosted voltage has 
reached a predetermined voltage level. These aspects are 
controlled by the central processing unit running suitable 
software. Illustratively, the inventive semiconductor 
integrated circuit device may comprise a control register for 
controlling the non-volatile memory, the control register 
including: a programming set-up bit for instructing the 
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boosting means to start a boosting operation for programming; 
a programming enable bit for designating a start of a programming 
operation by use of the boosted voltage; an erasing set-up bit 
for instructing the boosting means to start a boosting operation 
for erasure; and an erasing enable bit for designating a start 
of an erasing operation by use of the boosted voltage. This 
arrangement eliminates the need for additionally providing 
x hardware, such as a timer, for controlling when to start the actual 

erasing or programming the device after the erasure or the 
programming has been designated. 

Furthermore, the control register may include a 
programming of enable bit for instructing the boosting means to 
prepare for a boosting operation, so that the instruction based 
on any of the erasing set-up bit and the programming set-up bit 
is accepted only if the programming enable bit is set to its 
true value. That is, a programming or erasure operation is 
carried out on condition that the programming enable bit be set 
to the true value. This arrangement helps prevent the non- 
volatile memory from getting inadvertently reprogrammed, 
for example, by a runaway central processing unit. 

Inadvertent reprogramming of the non-volatile memory is 
prevented more reliably by the control register including a 
protect bit, for example, which is set in accordance with an 

external terminal status, so that the setting of the programming 
enable bit to the true value is enabled in an interlocking manner 
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only if the protect bit is set to its true value- 
In order to minimize loads exerted by the negative voltage 
for erasure or programming upon the internal circuits, it is 
desirable to connect the word lines and other related parts to 
a ground potential before applied voltages are changed. The 
object is achieved illustratively by a microcomputer comprising 
a semiconductor substrate incorporating a flash memory capable 
of being erased and programmed electrically and a central 
processing unit capable of accessing the flash memory, the 
microcomputer operating on a single power supply voltage 
supplied to an external power supply terminal of the 
semiconductor substrate. The flash memory may include: a 
memory cell array made of a plurality of memory cell transistors 
each having a control gate connected to a word line, a drain 
connected to a bit line, and a source line connected to a source 
line; a boosting circuit for generating a high voltage for 
programming and erasure on the memory cell transistors; an 
address decoder for generating a word line selection signal 
based on an address signal; a word driver circuit for 
establishing a word line selection level in effect upon a read 
operation as a first polarity with respect to the ground 
potential, the word driver circuit further establishing a word 
line selection level in effect upon a write operation as a second 
polarity with respect to the ground potential; and timing 
control means acting upon a start and an end of a write operation 
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to force all word lines to the ground potential, to invert 
logically the polarity of the selection level for the word line 
selection signal for the address decoder, and to switch 
operating power supplies of the word driver. 

These and other objects, features and advantages of the 
invention will become more apparent upon a reading of the 
following description and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram outlining key parts 
of a power supply circuit ; 

Fig. 2 is a block diagram of a conventional power supply 
circuit comparable to that in Fig. 1; 

Fig. 3 is a block diagram of a microcomputer according 
to the invention; 

Fig. 4 is an overall block diagram of a flash memory 
incorporated in the microcompu t er ; 

Fig. 5 is a circuit diagram of a memory cell array; 
Fig. 6 is a circuit diagram of a flash memory supplied 
with voltages for erasure; 

Fig. 7 is a circuit diagram of a flash memory supplied 
with voltages for programming; 

Fig. 8 is a block diagram of a flash memory comprising 
operation voltage supplies; 

Fig. 9 is a table listing the symbols, names and 
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descriptions of the operation voltage supplies shown in Fig. 
8; 

Fig. 10 is a table showing how the voltage supplies in 
Fig. 8 and their operations are related; 

Fig. 11 is a table summarizing voltage levels that may 
be taken by the operation voltage supplies in Fig. 8; 

Fig. 12 is a circuit diagram of typical voltage clamp 

means ; 

Fig. 13 is a circuit diagram of a first and a second 
positive voltage boosting circuit; 

Fig. 14 is a circuit diagram of a typical negative voltage 
boosting circuit; 

Fig. 15 is a circuit diagram of a positive voltage monitor 
circuit for selectively monitoring positively boosted 
vol tages ; 

Fig. 16 is a circuit diagram of a trimming capacitor 
circuit for a first constant voltage generating circuit; 

Fig. 17 is a detailed circuit diagram of the first constant 
voltage generating circuit; 

Fig. 18 is a waveform chart of clock signals for boosting; 

Fig. 19 is a circuit diagram of a charge pump circuit for 
negative voltage boosting and a clock driver; 

Fig. 20 is a waveform chart of clock and drive signals 
generated by the logic structure of the clock driver shown in 
Fig. 19; 
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Fig. 21 is a schematic block diagram of an arrangement 
for switching a substrate bias voltage of the charge pump 
circui t ; 

Fig. 22 is a diagram outlining transitions of a boosted 
voltage during a negative voltage boosting operation; 

Fig. 23 is a conceptual diagram depicting the concept of 
trimming by the trimming capacitor circuit; 

Fig. 24 is a schematic diagram illustrating a method for 
transferring trimming adjustment information from a flash 
memory to a control register in synchronism with reset 
operations of the microcomputer ; 

Fig. 25 is a table showing typical control register 
formats ; 

Fig. 26 is a flowchart showing the first half of steps 
for control over an erasure operation by a CPU; 

Fig. 27 is a flowchart showing the second half of steps 
for control over the erasure operation by the CPU; 

Fig. 28 is a flowchart showing the first half of steps 
for control over a programming operation by the CPU; 

Fig. 29 is a flowchart showing the second half of steps 
for control over the programming operation by the CPU; 

Fig. 30 is a table tabulating data operation techniques 
for r eprogramming data; and 

Fig. 31 is a timing chart representing a typical method 
for switching word 1 ine driving voltages so as to alleviate loads 
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imposed on the internal circuits by application of high voltages 
necessary for programming. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Mi crocompu t er Chip 

Fig. 3 is a block diagram of a microcomputer 1 
(microprocessor or data processor) according to the invention. 
The microcomputer 1 is formed by use of well-known semiconductor 
integrated circuit fabrication techniques illustratively on a 
single semiconductor substrate made of materials such as single 
crystal silicon. 

The microcomputer 1 in Fig. 3 comprises, but the invention is not limited 
to, a central processing unit (CPU) 2, flash memories (FLEO, 
FLEl) 3, a f lash memory con tro 1 register (FLC) 4, random access 
memories (RAW) 5, an interrupt control ler (INTC) 6, a multiplier 
(MULT) 7, a timer (ATU) 8, a bus and a system controller (BSC, 
SYS) 9, a watch dog timer ( WDT) 10, a direct memory access 
controller (DMA) 11, a clock pulse generator (CPG) 12, serial 
communication interfaces (SCI) 13, a phase locked loop circuit 
(PLL) 14, analog- to-digital converters (A/D_0, A/D_l), and a 
plurality of I/O ports PA, PB, PC, PD, PE, PG , PH and PM . The 
circuit blocks are connected to an address bus, a data 
bus and a control bus, not shown. 

The microcomputer 1 is used illustratively to control the 
device in which it is incorporated. The operating program of 
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the CPU 2 is stored in a flash memory 3. The RAM 5 offers 3 
work region for the CPU 2 or a temporary storage region for data . 

The microcomputer 1 in Fig. 3 operates from a single 
operating power source constituted by an external power supply 
voltage Vcc fed to an external power supply terminal Pvcc. A 
ground terminal Pvss is supplied with a ground voltage Vss. The 
external power supply voltage Vcc corresponds, but the invention 
is not so limited, to what is known as a 3V and 5V power source 
with + 10% tolerance. That is. the external power supply voltage 
Vcc is allowed to range from 2.7V- to 5.5V. 

In Fig. 3, reference characters RES identify a reset 
terminal of the microcomputer (carrying a reset signal) ; VppMON 
and VssMON denote monitor terminals to monitor internally boosted 
voltages; and Pfwe for a protect terminal for protection against 
inadvertent programming of the flash memories 3. More 
specifically, the terminal VppMON is provided for monitoring an 
internally boosted positive voltage and the terminal VssMON for 
monitoring an internally boosted negative voltage. 

Flash Memory 

Fig. 4 is an overall block diagram of the flash memory 
3 and flash memory control register 4 . The flash memory 3 shown 
in Fig. 4 is indicated as FLEO in Fig . 3 , one of the flash memories 
furnished. The other flash memory FLE1 is identical in 
constitution and is thus omitted from Fig. 4. 
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In Fig. 4, reference numeral 17 denotes the data bus, 
and 18 denotes the address bus. The address bus 18 and data bus 
17 are shared illustratively by the CPU 2, RAM 5 and flash 
memories 3. The control register in Fig. 3 is made up of an 
erasure block designation register EBR1, a programming control 
register FLMCR1, and reference voltage trimming control 
registers TRMR1 and TRMK2 . The control registers EBR1 , FLMCRl , 
TRMK1 and TRMR2 are made accessible under control of the CPU 
2. Access to the registers TRMR1 and TRMR2 by the CPU 2 is 
subject to limitations , as will be described later. 

A large number of non-volatile memory cells are arranged 
in memory cell arrays 30. Although not shown, the non-volatile 
memory cells each have a source/ a drain, a floating gate and 

and control gate, and their gate oxide film (i.e., insulating film) 
is made sufficiently thin to let tunneling currents flow under 
the tunneling ef feet . The source is connected to a source line, 
the drain to a bit line, and the control gate to a word line. 
An X decoder (X-DEC) 31 generates a word line selection signal 
by decoding an X address signal admitted to an address buffer 
32 from the address bus 18. A word driver (WDRV) 33 drives the 
word line selected by the word line selection signal to a 
predetermined selection level in line with an operation mode 
in effect (programming, erasure, reading, etc.). The bit line 
selected by a Y selector 34 is connected either to a programming 
circuit 35 or to a sense amplifier 36. The sense amplifier 36 
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detects data read from a memory cell and supplies an output 
buffer 37 with data representing the logic value of the read 
data. The output buffer 37 places its data onto the data bus 
17 in accordance with a data output instruction. The 
programming circuit 35 supplies the bit line selected by the 

Y selector 34 with a programming voltage corresponding to the 
write data admitted to an input buffer 38 from the data bus 17. 
A Y decoder (Y-DEC) 31Y generates a selection signal for the 

Y selector 34 by decoding a Y address signal admitted to the 
address buffer 32 from the address bus 18. A source and 
substrate voltage control circuit 39 selects the source line 
for an erasure block designated by the erasure block designation 
register EBR1, and controls a substrate voltage for the memory 
cell arrays 30 in keeping with erasure or programming. 

In Fig. 4, reference numeral 40 denotes a power supply 
circuit (i.e., internal voltage generation circuit) for the 
flash memories. Operating on the single external power supply 
voltage Vcc, the power supply circuit 40 generates high voltages 
for programming and erasure as well as operation voltages for 
a read system. The power supply circuit 40 includes a reference 
voltage generation circuit, a clamped voltage generation 
circuit for a read operation, a clamped voltage generation circuit 
for voltage boosting, a first positive voltage boosting circuit, 

a second positive voltage boosting circuit, a negative voltage 
boosting circuit, and a group of voltage supply switches for 
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selecting and supplying these voltages for use by the internal 
circuits of the flash memories 3. 

A trimming control circuit 42 is a control circuit that 
adjusts power supply circuit characteristics in keeping with 
process-dependent variations. The trimming control circuit 42 
is given control data from the reference voltage trimming 
register TRMR1 and boosted voltage trimming register TRMR2 . 
Various operation voltages generated by the power supply 
circuit 40 are fed selectively to the source and substrate 
voltage control circuit 39, programming circuit 35 and word 
driver 33 in accordance with the flash memory operation in effect. 
Programming and erasure sequences for such power supplies are 
provided by a power supply control circuit 41. The control 
circuit 41 possesses programming and erasures sequences, among 
others. The programming control register FLMCR1 furnishes 
control data for effecting the programming and erasure 
sequences. A circuit block 43 constitutes other control logic 
for the flash memories 3. 

Fig. 5 shows an example of the memory cell arrays 30. The 
structure of Fig. 5 is illustratively formed of main-bit lines 
300 and sub-bit lines 301. Each non-volatile memory cell 302 
has its drain connected to a sub-bit line 301. The main-bit 
lines 300 and sub-bit lines 301 are made to conduct selectively 
by selective MOS transistors 303. Each block of non-volatile 
memory cells 302 has sources thereof connected in common to a 
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suitable source line 304 . Reference numeral 305 denotes word 
lines, and 306 denotes select lines of the selective MOS 
transistors 303. 

Fig. 6 is a circuit diagram of a flash memory supplied 
with voltages, , such as, for erasure. A minimum increment 
of erasure is a block of memory cells with their sources 
connected in common to a single source line. A selected source 
line for erasure is given -9.5 V, a select line 306 is supplied 
-9-5 V, a selected word line for erasure bears 9.5 V, and a 
non- selected word 1 ine for erasure carries 0 V (ground potential 
Vss) . The application of the above voltages injects electrons 
into the floating gates of the non-volatile memory cells 302 
in an erasure- targe ted block 307. This raises the threshold 
voltage of the non-volatile memory cells in question. That is, 
data is erased by resorting to the tunneling of electrons from 
drains (sources) and channels to floating gates through the gate 
insulating film. 

Fig. 7 is a circuit diagram of a flash memory supplied 
with voltages, such as for programming. Programming is 
carried out in increments of word lines. A selected word line 
for programming is supplied with -9.5 V, a selected bit line 
for programming is fed with 6.5 V, a non-selected bit line for 
programming bears 0 V, a selected select line for programming 
is given 9.5 V, and each source line is left open (floating). 
The application of the above voltages causes electrons to leave 
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the floating gates of the non-volat i 1 e memory cells 302 selected 
for programming, thereby lowering the threshold voltage for the 
memory cells in question. That is, programming of data is 
carried out by use of the tunneling of electrons from floating 
gates to drains (sources) and channels through the gate 
insulating film- 
Fig. 8 is a block diagram of a flash memory comprising 
operation voltage supplies. In Fig. 8, reference numeral 33Z 
denotes a driver (ZDRV) for the select line 306. The driver 
33Z is supplied with a decode signal from a Z decoder (Z-DEC) 
31Z that decodes an address signal assigned for block selection. 
The Z driver 33Z drives the select line in accordance with a 
selection signal output by the Z decoder 31Z. Reference numeral 
33Y denotes a Y select driver which determines the level of 
a switch control signal for the Y selector 34. Fig. 4 leaves 
out the Y select driver 33Y, Z driver 33Z, and Z decoder 31Z. 

Fig. 9 lists the symbols, names and descriptions of the 
operation voltage supplies shown in Fig. 8. How voltages from 
these power supplies and their operations are related is shown 
illustratively in Fig. 10. Fig. 11 summarizes voltage levels 
that may be taken by the operation voltage supplies in Fig. 8. 
As indicated, positive vol tag e boosting generates 9.5 V and 6.5 
V, while negative voltage boosting generates -9.5 V. 



Power Supply Circuit 
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Fig. 1 outlines key parts of the power supply circuit 4 0 . 
The power supply circuit 40 includes voltage clamp means 44 for 
clamping an output voltage to a first voltage Vfix (2.5 V) lower 
than the external supply voltage Vcc (2.1 V to 5.5 V) through 
the use of a reference voltage with a low dependence on a supply 
voltage. Also included in the power supply circuit 40 is a 
boosting circuit which operates on the first voltage Vfix (also 
called the clamped voltage Vfix) and which comprises three 
charge pump circuits 45, 46 and 47 and a ring oscillator 48 common 
to the three circuits. The charge pump circuit 45 and the ring 
oscillator 48 constitute a first positive voltage boosting 
circuit that generates a positively boosted voltage of 9.5 V 
from the clamped voltage Vfix. The charge pump circuit 46 and 
the ring oscillator 48 make up a second positive voltage boosting 
circuit that generates a positively boosted voltage of 6.5 V 
from the clamped voltage Vfix. The charge pump circuit 47 and 
the ring oscillator 48 form a negative voltage boosting circuit 
that generates a negatively boosted voltage of -9.5 V from the 
clamped voltage Vfix. 

it is shown above that the voltage clamp means 44 generates 
the clamped voltage Vfix having a low dependence on a supply 
voltage, and that the voltage Vfix is clamped to a voltage (2.5 
V) lower than the single supply voltage Vcc which is furnished 
externally and allowed to vary between 2.7 V and 5.5 V. Thus 
the voltages boosted for programming and erasure by the positive 
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and negative voltage boosting circuits operating on the clamped 
voltage Vfix are stable voltages that are independent of the 
external supply voltage Vcc - In a conventional setup shown in 
Fig. 2 as a comparative example, a ring oscillator and a charge 
pump circuit operate from a power supply constituted by the 
external power supply voltage Vcc. This makes it inevitable 
for the boosted voltage to vary depending on the external supply 
voltage Vcc. 

Clamped Voltage Generation Unit 

Fig. 12 illustrates an example of the voltage clamp means 
44. The voltage clamp means 44 comprises a reference voltage 
generation circuit 400, a first constant voltage generation 
circuit 401, a second constant voltage generation- circuit 
(clamped voltage generation circuit for boosting) 402, and a 
third low-voltage generation circuit (clamped voltage 
generation circuit for read operation) 403. 

The reference voltage generation circuit 400 generates 
a reference voltage Vref with a low dependence on a supply 
voltage by resorting illustratively to the band gap of silicon. 
The reference voltage generation circuit 400 operates on the 
external power supply voltage Vcc. This kind of reference 
voltage generation circuit is well known in the art, and so its 
detailed circuit constitution will not be described further. 
In this example, the reference voltage Vref is assumed to be 
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1 . 4 V ±0 . 3 V. 

The first constant voltage generation circuit 401 places 
an output circuit under control for negative feedback to a 
clamped voltage Vrefa with respect to the reference voltage Vref . 
Specifically, a source- fol lower circuit made of an n-channel 
MOS transistor Ql and a feedback resistance circuit (ladder 
resistance circui t ) FBRl is provided as the output circuit. The 
first constant voltage generation circuit 401 also includes a 
CMOS operational amplifier OP1 whose non- i nver t i ng input 
terminal (+) receives the reference voltage Vref. The CMOS 
operational amplifier OP1 has its inverting input terminal (-) 
supplied with a feedback signal from the output circuit. The 
output of the operational amplifier OP1 is used to control the 
MOS transistor Ql in conductance. The clamped voltage Vrefa 
is furnished as a constant voltage determined by the potential 
dividing ratio of the feedback resistance circuit FBRl and by 
the reference voltage Vref. Logically, the clamped voltage 
Vrefa is not dependent on the power supply voltage Vcc . In this 
example, the clamped voltage Vrefa is adjusted to be 2.5 V by 
the feedback resistance circuit FBRl. 

More details of the first constant voltage generation 
circuit 401 are shown in Figs. 16 and 17. As illustrated in 
Fig. 16, the potential dividing ratio of the feedback resistance 
circuit FBRl may be selected by a switch 410. That is, the 
feedback resistance circuit FBRl constitutes a trimming 
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capacitor circuit capable of adjusting the resistance potential 
dividing ratio. In Fig. 17, a signal BIAS is a signal 
which, output by a bias circuit not shown, applies bias to a 
differential amplifier and to current source transistors of the 
output circuit. A signal FSTBYW is a stand-by signal 
which determines the status of internal nodes in the low power 
consumption mode of the microcomputer 1 and which cuts off 
unnecessary through current paths. 

The second constant voltage generation circuit 402 places 
an output circuit under control for negative feedback to a 
clamped voltage VfixB with respect to a reference voltage 
constituted by the clamped voltage Vrefa. Specifically, a 
source- follower circuit made of an n-channel MOS transistor Q2 
and a feedback resistance circuit FBR2 is provided as the output 
circuit. The second constant voltage generation circuit 402 
also includes a CMOS operational amplifier OP2 whose non- 
invert ing input terminal ( + ) receives the clamped vol tage Vrefa . 
The CMOS operational amplifier OP2 has its inverting input 
terminal (-) supplied with a feedback signal from the output 
circuit. The output of the operational amplifier OP2 is used 
to control the MOS transistor Q2 in conductance. The clamped 
voltage VfixB is furnished as a constant voltage determined by 
a potential dividing ratio of the feedback resistance circuit 
FBR2 and by the clamped voltage Vrefa. Logically, the clamped 
voltage Vrefa is not dependent on the power supply voltage Vcc . 
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In this example, the potential dividing ratio of the feedback 
resistance circuit FBR2 is determined so that the clamped 
voltage VfixB will be 2.5 V. The clamped voltage Vf ixB in Fig. 
12 corresponds to the voltage Vfix in Fig. 1. 

The third constant voltage generation circuit 403 places 
an output circuit under control for negative feedback to a 
clamped voltage VfixA with respect to a reference voltage 
constituted by the clamped voltage Vrefa. Specifically, a 
source- fol lower circuit made of an n-channel MOS transistor Q3 
and a feedback resistance circuit FBR3 is provided as the output 
circuit. The third constant voltage generation circuit 403 
also includes an operational amplifier OP3 whose non- invert ing 
input terminal (+) receives the clamped voltage Vrefa. The 
operational amplifier OP3 has its inverting input terminal (-) 
supplied with a feedback signal from the output circuit. The 
output of the operational amplifier OP3 is used to control the 
MOS transistor Q3 in conductance. The feedback signal is fed 
back either through an n-channel MOS transistor Q4 for 
output ting 2 . 5 V or through an n-channel MOS transistor Q5 for 
outputting 4.0 V. The clamped voltage VfixA is furnished as 
a substantially constant voltage determined by a potential 
dividing ratio of the feedback resistance circuit FBR3 and by 
the clamped voltage Vrefa. Logically, the clamped voltage 
Vrefa is not dependent on the power supply voltage Vcc. In this 
example, the potential dividing ratio of the feedback 



o o 

29 



resistance circuit FBR3 is determined so that the clamped 
voltage VfixA will be 2 . 5 V when the transistor Q4 i s selected, 
and 4.0 V when the transistor Q5 is selected. The clamped 
voltage VfixA is used as the operating voltage for a read system. 
The clamped voltage VfixA is set for either 2.5V or 4.0V 
depending on the operation mode in effect. In the case of a 
read operation, for example, the clamped voltage VfixA is set 
for 4.0 V with a view to alleviating word line disturbance . For 
an erase-verify operation or a write-verify operation, on the 
other hand, the clamped voltage VfixA is set for 2 . 5 V so that 
the write or erase level will not be dependent on the supply 
voltage Vcc . 

The clamped voltage VfixB serves as the operation voltage 
that is tapped to generate boosted voltages for programming and 
erasure. As such, the clamped voltage VfixB is separated from 
the clamped voltage VfixA for other read operations. To execute 
programming or erasure requires a relatively large current that 
is supplied by a boosting circuit using an appreciably large 
current. When the power supply for the boosting circuit is 
separated from the other power supplies, it is possible to 
minimize any adverse effects exerted on the other circuits by 
supply voltage fluctuations stemming from boosting operations. 



Boosting Circuits 
Fig . 13 is a 



circuit diagram of the charge pumps 45 and 
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46 which are representative of the first and the second positive 
voltage boosting circuits, respectively. Although not shown, 
each of the charge pump circuits 45 and 46 comprises a plurality 
of boosting nodes each having an MOS transistor and a capacitor 
element connected therein. The MOS transistors and capacitors 
combine to provide a charge pump action that generates high 
voltages. Clock drivers 420 and 421 generate drive signals 
having a plurality of phases, the signals causing the charge 
pump circuits 45 and 46 to perform charge pump operations. The 
clock drivers 420 and 421 operate from a power supply constituted 
by the clamped voltage VfixB. The drive signals are staggered 
in their phases so as to switch the plurality of MOS transistors. 
One terminal of each capacitor receives regularly varied 
voltages so that the other terminal outputs correspondingly 
varied voltages that are transmitted downstream via the MOS 
transistors. The drive signals are generated in synchronism 
with a clock signal CLK output by the ring oscillator 48. 
Boosted voltages VPP6 and VPP9 generated by the charge pump 
circuits 46 and 45 are maintained at predetermined levels by 
comparators 422 and 423. The comparators 422 and 423 are 
supplied with voltages VCMP6 and VCMP9 from resistance circuits 
428 and 429 having divided the boosted voltages VPP6 and VPP9 . 
The voltages VCMP6 and VCMP9 are compared with the clamped 
voltage Vrefa. When the boosted voltages reach predetermined 
voltage levels ( VPP 6 - 6.5 V, VPP9 = 9.5 V), the voltages VCMP6 
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and VCMP9 are raised above the voltage Vrefa. That state is 
detected by the comparators 422 and 423 which then invert 
detection signals 424 and 425 from the bow to the High level. 
The detection signals 424 and 425 are OR ' ed with the clock signal 
CLK by OR gates 426 and 427, the results being fed to the clock 
drivers 420 and 421 . In this manner, when the boosted voltages 
VPP6 and VPP9 reach their predetermined levels, the outputs of 
the OR gates 426 and 427 are fixed to the High level. While 
the High level is in effect, the boosting operations of the 
charge pump circuits 45 and 46 are temporarily halted. 
Reference numerals 430 and 431 denote switching circuits that 
are cut off upon completion of the boosting operations. 

Fig. 14 is a circuit diagram of the charge pump circuit 
47 representative of the negative voltage boosting circuit, 
together with related peripheral circuits . Although not shown, 
the charge pump circuit 47 has a plurality of boosting nodes, 
each having an MOS transistor and a capacitor connected therein. 
The MOS transistors and capacitors combine to provide a charge 
pump action that generates negative high voltages. A clock 
driver 434 generates drive signals having a plurality of phases, 
the signals causing the charge pump circuit 47 to perform charge 
pump operations- The clock driver 434 operates from a power 
supply constituted by the clamped voltage VfixB. The drive 
signals have their phases staggered so as to switch the plurality 
of MOS transistors. One terminal of each capacitor receives 
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regularly varied voltages so that the other terminal outputs 
correspondingly varied voltages that are transmitted 
downstream via the MOS transistors. The drive signals are 
generated in synchronism with the clock signal CLK output by 
the ring oscillator 48 in Fig. 13. A boosted voltage VPPMNS9 
generated by the charge pump circuit 47 is maintained at a 
predetermined level by a comparator 435. The comparator 433 
is supplied with a voltage VPCMP9 from a resistance circuit 436 
having divided the boosted voltage VPPMNS9 . The voltage 
VPPMNS9 is compared with the ground potential Vss . When the 
boosted voltage reaches a predetermined voltage level (VPPMNS9 
= -9.5 V), the voltage VPCMP9 is lowered below the ground 
potential Vss. That state is detected by the comparator 435 
which then inverts a detection signal 437 from the Low to the 
High level. The detection signal 437 is OR'ed with the clock 
signal CLK by an OR gate 438, the result being fed to the clock 
driver 434. In this manner, when the boosted voltage VPPMNS9 
reaches its predetermined level, the output of the OR gate 438 
is fixed to the High level. While the High level is in effect, 
the boosting operation of the charge pump circuit 47 is 
temporarily halted. Reference numeral 439 denotes a switching 
circuit that is cut off upon completion of the boosting 
opera t ion . 

The negatively boosted voltage VPPMNS 9 from the charge 
pump circuit 47 may be monitored through the monitor terminal 
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VssMON. Reference numeral 440 indicates a switching circuit 
that is turned on in the test mode. As shown in Fig. 15, the 
positively boosted voltages VP P 6 and VPP9 may be monitored 
selectively through the monitor terminal VppMON . Reference 
numerals 441 and 442 represent switching circuits that allow 
the positively boosted voltages VPP6 and VPP9 to be sent to the 
monitor terminal VppMON. A signal MONE is an enable 
signal which, when brought High, designates the monitoring of 
a boosted voltage through the monitor terminal VppMON. A signal 

MONS is used to designate which of the voltages VPP6 and 
VPP9 is to be monitored- The switching circuits 441 and 442 
are turned on in a mutually exclusive manner depending on the 
status of the signals MONE and MONS in test mode, whereby the 
boosted voltage VPP6 or VPP9 is monitored as desired. 

In Fig. 13, a signal OSE is a start designation signal 
that instructs the ring oscillator 48 to start oscillating. A 
signal VPE1 is used to instruct the clock driver 421 and 
charge pump circuit 46 to start a boosting operation. A signal 
VPE2 instructs the clock driver 420 and charge pump circuit 
45 to start a boosting operation. In Fig. 14, a signal 
VPE3 causes the clock driver 434 and charge pump circuit 47 to 
start a boosting operation. 

The clock drivers 420, 421 and 434 operate from a common 
power supply constituted by the clamped voltage Vf ixB, and share 
the single ring oscillator 48 as their clock source. In this 
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setup, as shown in Fig. 13, the clock driver 421 of the charge 
pump circuit 46 is supplied with the clock signal CLK via a delay 
circuit 444. The clock driver 420 of the charge pump circuit 
45 is fed with the clock signal CLK via two serially connected 
delay circuits 444 and 445. On the other hand, as shown in Fig. 
14, the clock driver 434 of the charge pump circuit 47 receives 
the clock signal CLK without the intervention of delay circuits . 
With this arrangement in effect, the clock signals CLK output 
by the ring oscillator 48 are staggered in phase as illustrated 
in Fig. 18 when they are fed to the clock drivers 434, 421 and 
420 to boost voltages to - 9.5 V, +6.5 V and +9.5 V respectively. 
The drive signals generated by the clock drivers 434, 421 and 
420 for the charge pump circuits 47, 46 and 45 are synchronized 
with the clock signals that are staggered in phase as described. 
That is, the clock drivers 434, 421 and 420 have their 
transistors switched in synchronism with these clock signals, 
and currents flowing through the circuits vary in synchronism 
with the switching operations. Because the clock signals 
supplied to the clock drivers 434, 421 and 420 are staggered 
in phase, instantaneous current variations resulting from all 
clock drivers 434, 421 and 420 is minimized. This translates 
into keeping boosting operations steady and contributes to 
stabilizing programming and erasure operations . 

Changing the Substrate Bias Voltage for the Charge Pump Circuits 
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Fig. 19 is a circuit diagram of the charge pump circuit 
47 for negative voltage boosting and the clock driver 434. In 
the charge pump circuit 47, part of which is shown in Fig. 19, the 
components designated NP are boosting nodes. Between two adjacent 
boosting nodes is a p-channel MOS transistor Q10 for charge 
transfer purposes. Each boosting node NP is connected to one 
of the two electrodes of a charge pump capacitor CI. Each MOS 
transistor Q10 has its gate connected to one electrode of another 
capacitor C2 . P-channel transfer MOS transistors Qll and 012 
are parallelly arranged between the gate of each MOS transistor 
Q10 and the immediately upstream boosting node NP. The gate 
of the MOS transistor is connected to the boosting node NP , and 
the gate of the MOS transistor Q12 is connected to the gate of 
the MOS transistor Q10. MOS transistors Q13 and Q14 are 
provided to initialize the boosting nodes NP . The capacitor 
CI is greater in capacitance, than the capacitor C2 . As 
described, the charge pump circuit 47 comprises a plurality of 
unit circuits connected in series, each unit circuit including 
the MOS transistors Q10 through Q13 as well as the capacitors 
CI and C2 . 

The clock driver 434 delays the clock signal CLK 
successively in order to generate three-phase clock signals <})a 
through <J)c having different phases. Based on the three-phase 
clock signals <{)a through (|)c , the clock driver 434 outputs four 
drive signals DS1 through DS4 . Fig. 20 is a waveform chart of 
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the clock signals <J>a through <pc as the well as drive signals DS 
through DS4 generated by the logic structure of the clock driver 
434 shown in Fig. 19. 

The drive signals DS1 and DS2 are supplied alternately 
to the other electrode of the capacitor CI, and the drive signals 
DS3 and DS4 are fed alternately to the other electrode of the 
capacitor C2 . Illustratively, driving the signal DS4 High (tl) 
turns off the MOS transistor Q10. When the boosting node level 
is raised by having the signal DS4 driven High (tl), bringing 
the signal DS1 Low <t2) to lower the level of the immediately 
upstream boosting node NP causes the adjacent MOS transistor 
Q10 to lower the level of its gate via the transistor Qll. 
Immediately thereafter, bringing the signal DS 3 Low (t3) 
further reduces the level of the boosting node NP in question. 
The lowered level is shifted through the MOS transistor A10 to 
the next-stage boosting node NP. This charge pump operation 
boosts the voltage VPPMNS 9 stage by stage to a negative level. 

A NOR gate 450 shown in Fig. 19 functionally replaces the 
OR gate 438 described with reference to Fig. 14. 

The drive signals Dl through D4 vary between the ground 
potential Vss and the clamped voltage Vf ixB. At the start of 
a boosting operation, the clamp voltage VfixB is applied to the 
gates of the MOS transistors Q10, Qll and Q12 in the charge pump 
circuit 47. As the boosting operation progresses, the gate 
voltage drops. This means. that, unless the substrate bias 
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voltage common to the MOS transistors Q10, Qll and Q12 is set 
at least to the clamped voltage VfixB when the boosting operation 
is started, the p-n junctions of the transistors may 
inadvertently be biased in the forward direction leading to 
mal function . 

In this example, the MOS transistors Q10, Qll and Q12 are 
formed in a well region common to them. The substrate bias 
voltage (well bias voltage) common to the MOS transistors Q10, 
Qll and Q12 is set to the clamped voltage VfixB at the start 
of a boosting operation and is switched to the ground potential 
Vss halfway during the boosting. 

Fig. 21 is a schematic block diagram of a typical 
arrangement for switching the substrate bias voltage of the 
charge pump circuit. In Fig. 21, reference numeral 460 denotes 
switching means for switching the substrate bias voltage 
either to the clamped voltage VfixB or to the ground potential 
Vss. The state of the switching means 460 is determined, by the invention is 
not so limited, by the state of an output terminal Q of a set- 
reset type flip-flop (SR-FF) 461. A reset terminal R of the 
flip-flop 461 is supplied with an inverted signal derived from 
the boosting enable signal VPE3 - The flip-flop 461 is reset 
when the boosting operation is not carried out. In the reset 
state, the switching means 460 selects the clamped voltage VfixB 
as the substrate bias voltage 462. A set terminal S of the 
flip-flop 461 is supplied with an output signal 464 from a comparator 
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463. The comparator 463 is used to monitor if the potential 
of a potential-dividing point ND1 drops below the ground 
potential Vss. When the boosted voltage VPPMNS9 drops below 
the ground potential Vss, the potential-dividing point ND1 is 
set to the ground potential Vss. That is, when the boosted 
voltage VPPMNS9 becomes lower than the ground potential Vss, 
the flip-flop 461 is set. This causes the switching means 460 
to select the ground potential Vss as the substrate bias voltage 
462. In Fig. 14, the switching means 460 is constituted by an 
inverter that operates on the clamped voltage VfixB and ground 
potential Vss. 

When the substrate bias voltage 462 is switched halfway 
through a negative boosting operation from the clamped voltage 
VfixB to the ground potential Vss which is lower than the voltage 
VfixB, the so-called substrate bias effect reduces the 
threshold voltage for the MOS transistors Q10, Qll and Q12. 
This makes it easier to transfer charges through the MOS 
transistors Q10, Qll and Q12 performing charge pump operations. 
That in turn enhances the efficiency of negatively boosting the 
target voltage (VPPMNS9 = -9.5 V) having the greatest 
discrepancy in level relative to the operation voltage (VfixB 
= 2.5 V), which shortens the time it takes to obtain the 
negatively boosted voltage required. 

Fig. 22 illustratively outlines transitions of the 
boosted voltage VPPMUS9 during a negative voltage boosting 
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operation. In Fig. 22, (a) indicates the transition of the 
boosted voltage VPPMNS9 in effect when the substrate bias 
voltage is fixed to the clamped voltage VfixB and remains 
unswitched, and (b) denotes the transition in effect when the 
subs trate bias' voltage is switched hal f way dur ing the boos t ing . 
Compared with the transition (a), the transition (b) is characterized 
by an improvement in the efficiency in negatively boosting 
voltages. The transition (b) is also noticeable for a 
shortened time required to reach the target negative voltage. 

Once the substrate bias voltage is switched to the ground 
potential Vss, the flip-flop 461 remains set even if the output 
of the comparator 463 is inverted thereafter. That is, the 
flip-flop 4 61 has a hysteresis characteristic which maintains the 
substrate bias voltage at the ground potential Vss when the 
boosted voltage VPPMNS9 fluctuates in amplitude following the 
switching of the substrate bias voltage. Such a hysteresis 
characteristic may be implemented alternatively by use of a 
hysteresis comparator as the comparator 463 in place of the SR 
flip-flop 461. 

As shown in Fig. 22, a voltage being boosted by a charge 
pump circuit fluctuates in amplitude in synchronism with 
switching actions of the MOS transistors Q10 , Qll and Q12 for 
charge pump purposes. When the substrate bias voltage of the 
charge pump circuit 47 is switched using an output signal of 
a circuit, such as the flip-flop 461, having a suitable 
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hysteresis characteristic, it is possible to forestall 
undesirable substrate bias voltage fluctuations such as those 
that may let the switched substrate bias voltage be reverted 
to the initial substrate bias voltage level under the influence 
of ripples in the negatively boosted voltage- 
Software-Based Trimming of the Power Supply Circuit 

The feedback resistance circuit FBR1 of the constant 
voltage generation circuit 401 shown in Figs. 12 and 16 and the 
resistance circuit 436 in Fig. 14 are each a resistance circuit 
capable of trimming (i.e., trimming resistance circuit). The 
resistance circuit, as described with reference to Fig. 16, has 
a structure similar to that of what is known as a ladder 
resistance circuit wherein one of numerous switches 410 is 
turned on to determine a potential -dividing point taken as an 
output node. The feedback resistance circuit FBR1 has its 
feedback resistance value determined in line with the 
resistance potential dividing ratio of the output node selected 
by a switch 410. Likewise, the comparator 463 is supplied with 
a voltage corresponding to the resistance potential dividing 
ratio of that node (ND1) in the resistance circuit 436 which 
is selected by a switch 410. The fact that the feedback 
resistance circuit FBR1 is capable of trimming is significant 
in that it allows the clamped voltages VfixA and VfixB to be 
set to desired levels with respect to the suitably adjusted 
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reference voltage Vref of the power supply circuit 40 for 
absorbing process - dependent variations. Getting the 
resistance circuit 436 to be capable of trimming on the negative 
voltage boosting circuit side makes it possible to optimize 
negative voltage boosting operations, with the voltage boosting 
level and the well bias voltage switching point made adjustable 
with regard to the negatively boosted voltage VPPMNS9 having 
the widest span of voltage boosting. Alternatively, the 
resistance circuits 428 and 429 on the positive voltage boosting 
circuit side may be arranged to be capable of trimming. 

As shown in Fig. 23, a selector 470 generates a selection 
signal for selecting a switch 410 that determines the resistance 
potential dividing ratio at an output node of each of the 
resistance circuits (also called trimming resistance circuits) 
FBR1 and 4 3 6. In the example of Fig. 23, the selector 470 decodes 
trimming information and brings one switch selection signal to 
the selection level accordingly. The trimming resistance 
circuits FBR1 and 436 have their own selectors 470 that are 
included in the trimming control circuit 42 shown in Fig. 4. 

The trimming information for the resistance circuit FBR1 
is fed to the selector 470 of the circuit FBR1 from the reference 
voltage trimming register TRMR1 ; while the trimming information for 
the resistance circuit 43 6 is supplied to the selector 470 of 
the circuit 436 f rom the boos ted voltage tr imming reg i s ter TRMR2 . 
As illustrated in Fig. 25, the trimming information set in the 
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reference voltage trimming register TRMR1 (i.e., reference 
voltage trimming information) includes VPO through VR4 and TEVR , 
and the trimming information set in the boosted voltage trimming 
register TRMR2 (boosted voltage trimming information) 
comprises VMQ through VM4 and TEVM. 

The memory cell arrays 30 of the flash memory 3 are assigned 
a storage region dedicated to accommodating the reference 
voltage trimming information and boosted voltage trimming 
information, as depicted in Fig. 23. In this example, the 
information in the region 300 is transferred to the registers 
TRMR1 and TRMR2 in synchronism with reset operations of the 
microcomputer 1. The transfer of the information is 

automatically controlled, but the inventionis not so limited, by hardware as 
shown in Fig. 24. Specifically, when a reset signal RST is asserted, 
the control circuit 43 of the flash memory 3 causes the address 
buffer 3 2 , sense ampl i f ier 3 6 and ou tput bu f f er 3 7 au toma t ical ly 
to read data from the region 300 and place the data onto the 
data bus 17. Meanwhile, at the time when the reset signal RST 
is asserted, the registers TRMR1 and TRMR2 are made ready to 
receive the data from the data bus 17. In this manner, the data 
in the region 300 is transferred automatically to the registers 
TRMR1 and TRMR2 . 

The reference voltage trimming information and boosted 
voltage trimming information are determined at the time of 
device tests so as to absorb process-dependent variations . The 
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data transfer described with reference to Fig. 24 also takes 
place when the test mode is set on the microcomputer 1. In the early 
stage of device tests with the wafer completed, the flash memory 
3 is in the programming state (i.e., trimming information in 
the region 300 has all bits set to logical "0"). Thus the 
trimming information for the registers TRMR1 and TRMR2 also has 
all bits set to logical "0." In the test mode, the CPU 2 renders 
the registers TRMR1 and TRMR2 ready to have data written and 
read thereto and therefrom. At the time of device tests, the 
monitor terminals VppMON and VssMON are used to monitor 
positively and negatively boosted voltages so as to determine 
optimal reference voltage trimming information and boosted 
voltage trimming information which will allow the necessary 
voltage levels to be attained. Thus determined, the reference 
voltage trimming information and boosted voltage trimming 
information are placed into the region 300 of the flash memory 
3 under control of the CPU 2 in the appropriate test mode. 
Thereafter, every time the microcomputer 1 is reset, the power 
supply circuit 43 is controlled in accordance with the optimally 
determined reference voltage trimming information and boosted 
voltage trimming information. In the normal operation mode (or 
user mode), the register 300 is kept inaccessible. If the 
appropriate test mode is again established, the region 300 will 
be accessed to have the reference voltage trimming information 
and boosted voltage trimming information set thereto again. 
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The device tests by a semiconductor manufacturer include tests 
upon shipment in addition to those in the wafer stage. It is 
also possible to set reference voltage trimming information and 
boosted voltage trimming information in each different test 
stage. It is expected that the reference voltage trimming 
information and boosted voltage trimming information are 
finally written to the region 300 following the tests in the 
shipment stage- 
In this example, the flash memory 3 is in the programming 
state (e.g., logical "0" of a low threshold voltage) when the 
wafer is completed- Upon shipment of the microcomputer 1, the 
flash memory 3 is in the erasure state (e.g., logical "1" of 
a high threshold stage) - Preferably, there should not be any 
appreciable difference in the output voltage of the power supply 
circuit between the programming state and the erasure state, 
the difference being attributed to extremely trimmed voltages 
in programming and erasure. For example, where the reference 
voltage trimming information and boosted voltage trimming 
information are eventually written to the region 300 following 
the shipment -stage tests, the efficiency of the testing or 
inspection will suffer if there is a significant difference 
between an initially boosted voltage in tests at the wafer stage 
on the one hand and an initially boosted voltage in tests upon 
shipment on the other hand. Microcomputer chips that do not 
need trimming may be shipped in the erased state. 
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In order to meet the requirement stated above, the selector 470 
has logic such that the trimming position in effect when the 
trimming adjustment information has all bits set to logical "1" 
and the trimming position in effect when the trimming adjustment 
information has all bits set to logical "0" will be selected 
to be adjacent to each other. This arrangement minimizes the 
difference in the output voltage of the power supply circuit 
between where the flash memory is programmed upon completion 
of the wafer and where the flash memory is erased upon shipment. 
In the example of Fig. 23 , with the flash memory programmed (i.e., 
trimming information in the region 300 has all bits set to 
logical "0") upon completion of the wafer, the switch for the 
trimming position "000" is selected in the selector. With the 
flash memory erased (i.e., trimming information in the region 
300 has all bits set to logical "1") upon shipment of the 
microcomputer, the switch for the trimming position "111" is 
selected in the selector. 

As evident from Fig. 12, the trimming adjustment 
information also affects the read voltage for the flash memory 
3. Specifically, the clamped voltage Vrefa output by the 
constant voltage generation circuit 401 containing the feedback 
resistance circuit FBR1 to be trimmed serves as the reference 
voltage for the clamped voltage generation circuit 403 
generating voltages for the read operation. In this setup, the 
transfer of the trimming adjustment information from the flash 
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memory 3 to the register TRMP1 should preferably take place 
during a read access operation that will take longer than a 
predetermined access time for the read operation on the flash memory 3. 
Such an arrangement is preferred with a view toward preventing a 
malfunction. The reason is that the prolonged read time ensures 
a reliable data read from the memory arrays even if the read 
voltage is slightly lower at the time than is required. With 
that aspect taken into account, initial transfer of the trimming 
adjustment information is carried out in synchronism with a 
reset operation. This makes it possible for the internal 
voltage fluctuations to settle during the reset before the 
trimming action is settled. After the reset operation, a 
stabilized read operation is carried out. Where the trimming 
adjustment information affects only the write and erase 
voltages, the trimming adjustment information may be 
transferred either during the reset or before a first vector- 
fetch (i.e., instruction fetch) following the release of the 
reset state- 
Programming Sequence for the Flash Memory 

Fig. 25 shows detailed formats of the programming control 
register FLMCR1 and of the erasure block designation register 
EBR1 for the flash memory 3 . In the erasure block designation 
register EBR1 , bits EBO through EB7 constitute erasure block 
designation data. The programming control register FLMCR1 
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comprises control bits P, E, PV, EV , PSU, ESU, SWE and FWE whose 
true values are set typically to logical "1." 

The programming enable bit SWE is used to instruct the 
power supply circuit 40 to prepare for a boosting operation. 
Illustratively, setting the programming enable bit SWE to 
logical "1" asserts the ^control signal OSE shown in Fig. 13. 
This causes the ring oscillator 48 to start oscillating and to 
output a clock signal CL»K . The clamped voltage VfixB for 
boosting is also turned on. 

The programming set-up bit PSU instructs the power supply 
circuit 40 to start boosting a voltage for programming . In this 
example, setting the programming set-up bit PSU to logical " 1 M 
asserts the control signals VPE1 , VPE2 and VPE3 . This initiates 
the operation of the clock drivers 420, 421 and 434 as well as 

4 

that of the charge pump circuits 45, 46 and 47, whereby the 
voltages VPP6, VPP9 and VPPMNS9 start to be boosted to +6.5 V, 
+ 9.5 V and -9.5 V respectively. To actually carry out the 
boosting operations requires that the ring oscillator 48 
furnish the clock signals CLK . 

The programming enable bit P designates the start of a 
programming operation by use of the boosted voltages VPP6 , VPP9 
and VPPMNS9 . 

The erasing set-up bit ESU instructs the power supply 
circuit 40 to start a boosting operation for erasure. In this 
example, setting the erasing set-up bit ESU to logical " 1 M 
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asserts the control signal VPE2 shown in Fig. 13 and the control 
signal VPE3 in Fig. 14. This causes the clock drivers 420 and 
434 as well as the charge pump circuits 45 and 47 to start their 
operations, thereby starting to boost the voltages VPP9 and 
VPPMNS 9 to +9.5 V and -9.5 V, respect ively : To actually effect 
the boosting operations requires that the ring oscillator 48 
supply the clock signals CLK . 

The erasing enable bit E is used to designate the start 
of an erasing operation by use of the boosted voltages VPP9 and 
VPPMNS9 . 

It takes an appreciable amount of time for the boosting 
means to boost voltages to necessary levels. The elapsed times 
vary due to process-dependent variations. Programming and 
erasing operations must be started after the boosted voltages 
have reached their required levels. In such cases, the time 
it takes from the start of a boosting operation until the start 
of a programming operation may be determined as the time that 
elapses from the time the bit PSU is set to logical "1" until 
the bit P is set to logical "1." Likewise, the time required 
from the start of a boosting operation until the start of an 
erasing operation may be determined as the time that elapses 
from the time the bit ESU is set to logical "1" until the bit 
E is set to logical "1." These bits are set as needed by the 
CPU 2 executing suitable software. The arrangement eliminates 
the need for installing hardware, such as a timer to control 



o o 

49 



when to actually start an erasing or programming operation after 
the operation has been designated. The timings may be 
determined as desired in keeping with circuit characteristics. 

The erasing set-up bit ESU and programming set-up bit PSU 
allow a boosting operation to be actually started on condition 
that the programming enable bit SWE is set to its true value. 
In other words, the programming or erasing operation is made 
executable only by setting the programming enable bit SWE to 
the true value. This arrangement helps prevent the flash memory 
3 from being inadvertently programmed by a runaway CPU 2. 

The protect bit FWE in the programming control register 
FLMCR1 is set to a value reflecting the status of the external 
terminal Pfwe. The bit FWE is dedicated to read operations . 
Only on condition that the protect bit FWE be set to its true 
value (e.g., logical "1" ) , is the boos t ing enable bit SWE a 1 lowed 
to be set to logical "1" in an interlocking fashion. That is, 
the protect bit FWE is used as one of the signals for initializing 
the boosting enable bit SWE. Only when FWE = 1 , is the boosting 
enable bit SWE allowed to be set or cleared. When FWE = 0, the 
boosting enable bit SWE is initialized- Illustratively, there 
may be provided an AMD gate, not shown, for AND' ing the protect 
bit FWE and the corresponding signal line from the data bus so 
that the output of the AND gate will be set to the boosting enable 
bit SWE. This will also constitute an interlocking protective 
arrangement- The reinforced interlocking feature implemented 
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by the bit SWE plus the protect bit FWE doubles protection 
against inadvertent pr ogramming . This further enhances the 
reliability in protecting the flash memory 3 against being 
accidental ly repr ogr anuned . 

Figs. 26 and 27 are flowcharts of steps for control over 
an erasure operation by the CPU 2. In step SI, the CPU 2 sets 
the SWE bit of the register FLMCRl to logical " 1 . " To enable 
the setting of the SWE bit presupposes that the protect bit FWE 
is set to logical "1" by application of a logical " 1 " signal 
to the external terminal Pfwe. This causes the ring oscillator 
to start oscillating. In step S2 , a value n - 1 is inserted 
into an appropriate register. In step S3, an erasure block is 
set in the regi ster EBR1 . In step S4 , the ESU bit of the register 
FLMCRl is set to logical "1." This causes the clock drivers 
420 and 434 as well as the charge pump circuits 45 and 47 to 
start a charging operation. Upon elapse of a predetermined 
period of time, the E bit of the register FLMCRl is set to logical 
" 1 " in step S5. This starts an erasure operation. When the 
erasure is complete, the E bit of the register FLMCRl is cleared 
to logical "0" to terminate the erasure operation in step S6. 
In step S7, the ESU bit of the register FLMCRl is cleared to 
logical M 0 " to stop the boosting operation. Thereafter, the 
EV bit of the register FLMCRl is set to logical 1 in step S8 . 
This triggers an erase-verify operation following the erasure. 
After the erase-verify operation, dummy data is written to a 
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verify address in step S9 , and the data to be verified is read 
in step S10. In step Sll, a check is made to see if the read 
data to be verified has all bits set to logical "1." If all 
bits are found to be logical "1 , " then the address is incremented 
until the last address is reached in steps S12 and S13. The 
steps subsequent to step S9 are repeated every time the address 
is incremented. If the data read in step Sll is not found to 

have all bits set to logical "1", that means that the erasure was 
insufficient. In that case, the EV bit is cleared in step S14. 
In step S15, a check is made to see if the erase repeat count 
has reached its upper limit (N) . If the erase repeat count has 
yet to attain the upper limit ( " NG " in step SIS), step S4 is 
again reached in which another erasure is carried out. If the 
last address is reached in step S12, the erase-verify operation 
is deemed normally terminated. If the erase repeat count is 
found to have reached its upper limit, the erase-verify 
operation is considered abnormally terminated. 

Figs. 28 and 29 are flowcharts of steps for control over 
a programming operation by the CPU 2. In step Tl, the CPU 2 
sets the SWE bit of the regis ter FLMCR1 to logical " 1 . " To enable 
the setting of the SWE bit presupposes that the protect bit FWE 
is set to logical "1" by application of a logical "1" signal 
to the external terminal Pfwe. This causes the ring oscillator 
to start oscillating. In step T2 , a value n = 1 is inserted 
into an appropriate register. In step T3 , an appropriate flag 
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is cleared to zero. In step T4 , programming data of, say, 32 
bytes is written consecutively to the flash memory 3. The 
written data is retained in a data register contained in the 
programming circuit of the flash memory 3. In step T5, the PSU 
bit of the register FLMCR1 is set to logical "1." This causes 
the clock drivers 420, 421 and 434 as well as the charge pump 
circuits 45, 46 and 47 to start a boosting operation. Upon 
elapse of a predetermined period of time, the P bit of the 
register FLMCRl is set to logical 1 to start a programming 
operation in step T6. In step T7 , with the programming 
completed, the P bit of the register FLMCRl is cleared to logical 
M 0" to stop the programming operation. In step T8 , the PSU bit 
of the register FLMCRl is cleared to logical "0" to terminate 
the boosting operation . 

Thereafter, the PV bit of the register FLMCRl is set to 
logical 1 in step T9- This initiates a write-verify operation 
following the programming operation above. In the write-verify 
operation, dummy data is written to a verify address in step 
T10 and the data to be verified is read in step Til. In step 
T12, rewrite data is computed on the basis of the read data to 
be verified and of the initially written data, and a check is 
made to see if the rewrite data thus computed has all bits set 
to logical 1 „ The computation of the rewrite data is carried 
out as shown in Fig. 30. If the rewrite data is found to have 
all bits set to "1," then the rewrite data is transferred to 
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the RAM in step Tl 3 . In steps T14 and T15, the address is 
incremented until the data of 32 bytes has been verified. That 
is, the steps subsequent to step T10 are repeated until all data 
has been verified. If the rewrite data is not found to have 
all bits set to "1" in step T12, then the flag is set to 1 
in step T16, and step T14 is reached again. When the data of 
32 bytes has all been verified, the PV bit is cleared in step 
T17. In step T18, a check is made to see if the flag is set 
to "0." If the flag is found to be " 0 , " that means that the 
programming of 32 bytes is normal. In that case, the SWE bit 
is cleared in step T19 to terminate the programming operation. 
If the flag is found to be "1" in step T18, step T20 is reached. 
In step T20, a check is made to see if the write repeat count 
has reached a predetermined upper limit (N) . If the upper limit 
is found to be reached, the SWE bit is cleared in step T21 
followed by an abnormal termination. If the write repeat count 
has yet to attain its upper limit (N) , the count n is incremented 
in T22 before step T3 is reached again. 

Fig. 31 is a timing chart representing a typical method 
for switching word line driving voltages so as to all evia t e loads 
imposed on the internal circuits by application of high voltages 
necessary for programming. Simply put, the word lines are set 
to the ground potential Vss before operation voltages are 
switched. More specifically, when the PSU bit designates a 
boosting operation of the boosting circuit for programming, all 
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word lines are forcibly set to the ground potential Vss in a 
period (B) of Fig. 31. Ina period (C) of Fig. 31, power supplies 
VPPX2 , VSSXW and VSSXS of the word driver WDRV are each switched 
to the ground potential Vss. Then the polarity for word line 
selection is inverted as shown in the "Address Control" section 
in Fig. 31. For example, the selection level of the X address 
decoder for generating a word line selection signal based on 
an address signal is logically inverted from the High level (for 
read operation) to the Low level (for write operation). 
Thereafter, as shown in a period (E) of Fig. 31, the word driver 
power supplies are switched to programming voltages. When the 
programming operation is terminated, all word lines are 
forcibly switched likewise to the ground potential Vss; the 
driver power supplies VPPX1, VSSXW and VSSXS are switched to 
the ground potential; and the polarity of the word line selection 
logic is changed, so as to switch the power supplies. The power 
supply switchover is effected by a group of power supply switches 
included in the power supply circuit 40 under control of a 
programming sequencer in the power supply control circuit 41. 

Although the description above contains many 

r 

specificities, these should not be construed as limiting the 
scope of the invention but as merely providing illustrations 
of the presently preferred embodiments of this invention. It 
is to be understood that changes and variations may be made 
without departing from the spirit or scope of the claims that 
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f ol low. 

For example, the single external power supply is not 
limited to the voltage range of 2-7 V to 5.5 V. Voltages may 
be boosted to levels other than 6.5 V, 9.5 V and -9.5 V. 
Similarly, the clamped voltage is not limited to 2.5 V, and the 
ways in which the voltages for programming and erasure are 
applied are not limited to what has been described above. The 
boosting and clamp circuits may be modified in structure as 
needed . Where the current supply capacity is sufficiently high, 
the clamped voltages furnished separately for the read and 
boosting systems may be unified for shared use. The modules 
incorporated in the microcomputer may be altered as desired. 
The flash memory may adopt any of suitable circuit schemes such 
as NOR and AND logic. The flash memory is not limited to replacing 
the program memory; it may instead be used exclusively for 
accommodating data . 

This invention has been described with particular 
emphasis on its background art and derived applications, i.e., 
setups in which the inventive semiconductor integrated circuit 
device is applied to specialized microcomputers for control ling 
the apparatus in which it is incorporated. However, this is 
not limitative of the invention. The semiconductor integrated 
circuit device of this invention may also be applied to 
genera 1 -purpose microcomputers, dedicated controller LSIs and 
other diverse apparatuses that will benefit from utilizing 
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semiconductor integrated circuits. 

The major advantages of this invention are summarized as 
foil ows : 

The voltage clamp means generates a voltage that is 
negligibly dependent on a supply voltage. The voltage thus 
generated is clamped to a voltage level which, within a tolerable 
range of supply voltages, is lower than the single supply vol tage 
externally furnished. The clamping prevents the voltages 
boosted by the boosting means operating on the clamped voltage, 
i.e., programming and erasure voltages, from being dependent 
on the externally supplied voltage. This in turn makes it 
possible to erase and program the incorporated non-volatile 
memory in a relatively wide range of externally supplied 
voltages including those for low-voltage operations. Because 
these features are provided by use of a single external supply 
voltage, the semiconductor integrated circuit device 
incorporating the non-voltage memory is made easier and more 
convenient to use than before. 

The efficiency of voltage boosting may be enhanced by 
changing the substrate bias voltage common to the MOS 
transistors carrying out charge pump operations when the 
boosted voltage has reached a predetermined level. 

The voltage being boosted by a charge pump operation 
fluctuates in amplitude in synchronism with switching actions 
of the MOS transistors for charge pump operations. The 
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resulting ripple effect may cause the substrate bias voltage 
to oscillate. . Such oscillation is forestalled by the switching 
means possessing a hysteresis characteristic for maintaining 
the substrate bias vol tage to a swi tched vol tage when the boosted 
voltage fluctuates in amplitude after the switching of the 
vol tages . 

Where a plurality of charge pump circuits operate from 
a single power supply, instantaneous drops in the power supply 
voltage are minimized by staggering the charge pump circuits 
in their operative phases. 

Appropriate register means is provided to receive the 
trimming adjustment information that is transferred from a 
specific region of the non-volatile memory. The information 
allows the output voltage of the voltage clamp means to be 
trimmed as desired by software. This makes it possible to 
absorb process-dependent variations specific to individual 
chips . 

The transfer of the trimming adjustment information to 
the register means is performed in synchronism with reset 
operations of the semiconductor integrated circuit device. 
This permits internal voltage fluctuations to settle during a 
reset operation before the trimming action is settled. 

The CPU is allowed to access the register means in the te 
mode. This makes it easier to determine the trimming 
information when the test mode is in effect. 
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Where the semiconductor integrated circuit device is 
programmed upon completion of a wafer (e.g., logical "0" of a 
low threshold voltage) and is erased upon shipment (e.g., 
logical "1" of a high threshold voltage), it is desirable to 
minimize variations that may occur in the output voltage of the 
voltage clamp means as a result of the voltages being trimmed 
extremely between the programming and the erasure states. The 
minimizing of such output voltage variations is effected 
illustratively by adopting the selective logic for determining 
trimming positions of the trimming circuit in accordance with 
the trimming adjustment information in such a manner that the 
trimming position in effect when the trimming adjustment 
information has an all-bit logic value of "l" becomes adjacent 
to the trimming position in effect when the trimming adjustment 
information has an all-bit logic value of "0." 

The programming set-up bit and the erasure set-up bit are 
used by the CPU 2 as the latter executes appropriate software 
to control when to start an erasing or programming operation 
after a suitably boosted voltage is obtained by the boosting 
means for the operation. This arrangement eliminates the need 
for installing additional hardware such as timers. 

The control register may include a programming enable bit 
for instructing the boosting means to prepare for a boosting 
operation, so that the instruction based on the erasing set-up 
bit or the programming set-up bit is accepted only if the 
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programming enable bit is set to its true value. That is, a 
programming or erasure operation is carried out on condition 
that the programming enable bit is set to the true value. This 
arrangement prevents the non-volatile memory from being 
inadvertently r epr ogr ammed . for example, by a runaway CPU. 

Inadvertent reprogr amming of the non-volatile memory is 
prevented more reliably by the control register additionally 
including a protect bit which is set in accordance with the 
status of an external terminal, so that the setting of the 
programming enable bit to the true value is enabled in an 
interlocking manner only if the protect bit is set to its true 
value . 

The word lines are connected to the ground potential 
before the applied voltages are changed. This arrangement 
minimizes the loads exerted on the internal circuits by the high 
voltages required for the erasure or programming operation. 



